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RADIO COMMUNICATION TERMINAL HAVING VARIABLE DATA 
TRANSMISSION SPEED RESPONSIVE TO BUILT-IN BATTERY POWER 



CROSS REFERENCE TO RELATED APPLICATION 
5 This application relates to and incorporates herein 

by reference Japanese Patent Applications No . 10-214477 filed 
on July 29, 1998 and No. 10-312030 filed on November 2, 1998. 

BACKGROUND OF THE INVENTION 

.10 1. Field of the Invention 

- Q 

The present invention relates to a radio communication 
terminal operable with electric power supplied from its 
built-in battery, and particularly to a cellular video 
telephone . 
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;15 2. Related Art 



n JP-A-8-9347 discloses a cellular video telephone 

g having a built-in or internal battery therein. This device 

has a power monitoring circuit, which detects remaining 
electric power of the built-in battery, and prolongs 

20 communication period by varying data transmission speed in 

response to the detected remaining battery power. 
Specifically, a frame rate, which is the number of picture 
images to be coded and transmitted per second, is calculated 
based on the detected remaining battery power, and dynamic 

25 or real-time image signals are coded by an image coding circuit 

at the calculated frame rate. Thus, the power consumption 
in the image coding circuit is reduced as the remaining battery 
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power decreases, while reducing motions of dynamic images 
which results in lessening of the quality of dynamic image 
display to some extent. However, the reduction in the power 
consumption of the image coding circuit is still small in 
5 comparison with the total power consumption of the cellular 

video telephone - 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
_ 10 provide a radio communication terminal operable with its 

built-in battery, which has lower power consumption and 

: 

longer communication period. 

It is another object of the present invention to 
provide a radio communication terminal operable with its 
'tflS built-in battery, which transmits data at higher 

\^ communication speeds with less power consumption of the 

built-in battery . 

According to the present invention, a radio 
communication terminal such as a cellular video telephone has 
20 a built-in battery. The remaining electric power of the 

battery is detected. The data communication speed and the 
display of image on a display are variably controlled based 
on the detected remaining battery power, that is, the 
communication speed is lowered and the display is turned off, 
25 as the remaining battery power decreases. In addition or 

alternatively, the communication speed and the image display 
are controlled variably based on availability of an external 
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power source in the course of comniunicat ion . That is, as long 
as the built-in battery is being charged by the external power 
source, the communication speed as well as the quality of 
dynamic image display is increased than when the built-in 
5 battery is not being charged. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects, features and advantages of the present 
invention will become more apparent from the following 
10 detailed description made with reference to the accompanying 

drawings. In the drawings: 

Fig. 1 is a block diagram showing a radio communication 
terminal according to a first embodiment of the invention; 

Fig. 2 is a graph showing a relation between data 
;~15 transmission speed and electric power consumption of the 
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radio communication terminal shown in Fig. 1; 



Fig. 3 is a flow diagram showing a communication 
control routine of the radio communication terminal shown in 
Fig. 1; 

20 Fig. 4 is a block diagram showing a radio communication 

terminal according to a second embodiment of the invention; 

Fig. 5 is a schematic view showing an outlook of the 
radio communication terminal shown in Fig. 4; and 

Fig. 6 is a flow diagram showing a communication 
25 control routine of the radio communication terminal shown in 

Figs. 4 and 5. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention will be described in further 
detail with reference to two embodiments, in which the same 
or like parts are designated with the same or like reference 
numerals. The embodiments are directed to a cellular video 
telephone, which communicates with both voice and dynamic 
images. In the embodiments, a communication or access may 
be carried out in the CDMA (code-divided multiple access) 
processing using divided codes or a TDMA (time-divided 
^JO multiple access) processing- 

( First Embodiment) 

Referring first to Fig. 1, a cellular video telephone 
comprises a control unit 1 , which includes a programmed 
microcomputer and is connected to a radio unit 
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(transmitter/receiver) 2 connected to an antenna 3 through 
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its transmitter /receiver terminal. 
I The control unit 1 is connected to a voice processing 

unit 4, which is connected to a speaker 5 for outputting sound 
messages and a microphone 6 for inputting sounds . The control 
20 unit 1 is connected to an image processing unit 7, which is 

connected to a display 8 for displaying picture images and 
a camera 9 for inputting picture images. The control unit 
1 is further connected to a keyboard unit 10 having a number 
of key buttons labeled as POWER, SEND, END, IMAGE, numeric 
25 figures 0-9 and the like. 

Further, the control unit 1 is connected to a power 
monitoring circuit 11, which includes an analog/digital (A/D) 
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circuit connected to a built-in battery 12. The battery 12 
is connected to supply the above units with electric power. 
The voltage of the battery decreases as the remaining or 
available electric power of the battery 12 decreases. The 
power monitoring unit 11 detects the voltage of the battery 
12, so that the control unit 1 may calculate the remaining 
power of the battery 12 from the detected battery voltage. 

The control unit 1, particularly the microprocessor 
therein, is programmed to effectuate the following operation 
10 in generally known manner. 



'-^ That is, when a user of the cellular video telephone 
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presses the POWER button on the keyboard unit 10, the video 
telephone is enabled to operate with the electric power 
supplied from the battery 12. The antenna 3 receives radio 
'rl5 signals from nearby base stations and transmits a signal 

having the highest electric field to the radio unit 2 as a 
high frequency signal. The radio unit 2 responsively 
transmits the received signal to the control unit 1 after 
converting it into a base band signal by a high frequency 
20 amplifier, a receiver mixer and the like. The control unit 

1 demodulates the base band signal to provide a report 
information included in the received radio signal. if 
registration of location is required in the report 
information, the control unit 1 converts a location 
25 registration information into a transmission base band signal 

to be transmitted to the radio unit 2 in return. The radio 
unit 2 converts the transmission base band signal into a high 
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frequency signal by a transmitter mixer and transmits it as 
a radio signal from the antenna 3 through a power amplifier 
and the like. Thus, the cellular video telephone, 
particularly the control unit 1, is put in a wait condition. 

In issuing calls, the user (caller) inputs a phone 
number of an opponent user (call-receiver) through key 
operations on the keyboard unit 10. The control unit 1 
responsively causes the image processing unit 7 to display 
the inputted phone number on the display 8. When the user 
presses the SEND button on the keyboard unit 10 after checking 
the displayed phone number to effectuate calling, the user 
is enabled to start communication. Voice of the user is 
converted into an electric signal by the microphone 6 and is 
applied to the voice processing unit 4 as a voice signal- The 
voice processing unit 4, after amplifying and converting the 
voice signal into a corresponding digital signal, compresses 
the converted voice signal into a low bit rate signal by its 
voice coding circuit. This low bit rate voice data signal 
is applied to the control unit 1. 

When the user presses the IMAGE button on the keyboard 
unit 10, the image of the user is converted into an image signal 
by the camera 9 to be applied to the image processing unit 
7 as long as a high speed data transmission in excess of 64k 
bps is possible due to good radio transmission condition. The 
image processing unit 7, after amplifying and converting the 
image signal into a corresponding digital signal, compresses 
the converted image signal into a low bit rate signal by its 




image coding circuit. This low bit rate image data signal 
is applied to the control unit 1 . 

The control unit 1 subjects those voice data signal 
and the image data signal into the code-divided multiplex 
5 access (CDMA) processing and digital modulation to transmit 

the resulting signal to the radio unit 2 as a base band signal. 
The radio unit 2 responsively converts this base band signal 
into a high frequency signal and transmits it from the antenna 
3 to the base station after power amplification. 
10 When the antenna 3 receives a radio signal from the 

; base station in return, it transmits the received radio signal 

I to the radio unit 2 as a high frequency signal. The radio 

unit 2 converts this high frequency signal into a base band 
signal to be transmitted to the control unit 1. The control 
unit 1 demodulates and converts the base band signal into a 

-3 

M 

voice data signal and an image data signal by subjecting it 
to the CDMA processing. 



The voice processing unit 4 expands the received voice 
data signal by a voice demodulation circuit into a 

20 corresponding digital voice signal, which is in turn 

converted into an analog voice signal to drive the speaker 
5 for providing a voice message. The image processing unit 
7 similarly expands the received image data signal by an image 
demodulation circuit into a corresponding digital image 

25 signal, which drives the display 8 to provide an image of an 

opponent user or the like. 

In receiving calls, a call message is transmitted from 
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the base station to be received by the antenna 3 under the 
wait condition. The radio unit 2 converts a received radio 
signal into a base band signal to be transmitted to the control 
unit 1. The control unit 1 processes this base band signal 
and recognizes an arrival of message to effectuate a 
call-responsive operation such as ringing. After this 
operation, the same operation as described above with respect 
to the call-issuing operation is carried out. 

In the above operations, high speed communication is 
enabled by the use of the multiple coding method in the case 
of CDMA and by the use of the multiple slotting method in the 
case of TDMA. For instance, the communication speed is 
increased three times by the use of three multiple codes in 
the case of CDMA and by the use of three multiple slots in 
the case of TDMA. In those instances, however, as shown in 
Fig. 2, the transmission power or electric power consumption 
for transmitting the voice data and image data from the antenna 
3 increases as the data transmission speed increases, thus 
shortening the communication period. 

Therefore, the control unit 1, particularly the 
microcomputer, is so programmed that the data communication 
speed is variably controlled based on the remaining electric 
power of the built-in battery 12. 

Specifically, the control unit 1 proceeds from a main 
control routine to the call-issuing control routine shown in 
Fig. 3, when the phone number to be called is input and the 
SEND button is pressed through the keyboard unit 10. The 
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control unit 1 calculates first at step 101 the remaining 
electric power of the built-in battery 12 based on the battery 
voltage detected by the power monitoring circuit 11, and then 
checks at step 102 whether the calculated remaining power is 
5 more than 10% of the maximum power. 

If the remaining power is less than 10% (NO), the 
control unit 1 further checks at step 103 whether it is more 
than 1%. If the remaining power is more than 10% (YES), the 
control unit 1 sets the data communication or transmission 
10 speed to 64k bps at step 104, and then effectuates the image 

'^^ communication mode and the voice communication mode at step 

105. In this image communication mode, the control unit 1 
causes the image processing unit 7 to reproduce the opponent 
user (call-receiver) on the display 8 and to receive the image 

^=15 of the user (caller) through the camera 9. In the voice 
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communication mode, the control unit 1 causes the voice 
processing unit 4 to reproduce the voice of the opponent user 
through the speaker 5 and to receive the voice of the user 
through the microphone 6. Thus, this communication mode 
20 effectuates both the voice communication and the image 

communication - 

The control unit 1 then proceeds to step 106 to check 
whether it is an end of the communication- If the check result 
is YES indicating that the END button on the keyboard unit 
25 10 is pressed or the communication is terminated at the 

opponent user side, the control unit 1 returns to the main 
routine to execute a communication termination processing. 
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If the check result at step 106 is NO, the control unit 1 
returns to step 101 to repeat the above sequence of processing. 

Further, if it is determined at step 103 that the 
remaining power is more than 1% (YES), the control unit 1 sets 
5 the communication speed to a lower speed, 8k: bps, at step 107. 

After step 107, the control unit 1 enables only the voice 
communication at the speed of 8k bps at step 108. The control 
unit 1, however, returns to the main routine to execute the 
communication termination processing if the remaining power 
10 is determined to be less than 1% (NO) at step 103, thus 

disabling both of the voice communication and the image 
communication . 

In the voice communication mode at step 108, the 
control unit 1 causes the voice processing unit 4 to reproduce 
the voice of the opponent user through the speaker 5 and to 
receive the voice of the user through the microphone 6 . The 
control unit 1 further disables the image processing unit 7 
to operate normally. That is, the image processing unit 7 
is enabled to continue to display on the display 8 only the 
20 last one of the dynamic images displayed in the image 

communication mode by storing one frame of image in its memory, 
and the electric power supply to the camera 9 is turned off. 

In the above embodiment, the transmission speeds, 8k 
bps and 64k bps, are determined in view of the fact that more 
25 than 64k bps is normally required for the image communication 

along with the voice communication, although 8k bps is 
normally sufficient for the voice communication. The 
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control unit 1 may be programmed to turn off the electric power 
supply to the display 8 at step 108 or in response to a keyboard 
operation by the user. Further, the control unit 1 may be 
programmed to change the communication speeds to more than 
two speeds depending on the remaining battery power. 

Thus, as the control unit 1 decreases the data 
communication speed with the decrease in the remaining power 
of the battery 12 , the longevity of the battery 12 is prolonged 
so that the communication period may be prolonged. Further, 
10 as only the voice communication is enabled automatically when 

the remaining battery power decreases , the communication with 
the opponent user (call-receiver) can still be maintained 
without image display. The user is enabled to recognize the 
decrease in the battery power through the motionless image 



1^5 of the opponent user on the display 8. The user can convey 



it to the opponent user through the voice communication 
t indicating a later call. 

(Second Embodiment) 

In this embodiment, as shown in Figs. 4 and 5, the 
20 control unit 1 is further connected to a charge control unit 

13, which is connectable to an external desk-top type portable 
battery charger 14 and controls charging of the built-in 
battery 12 by the external power source. The battery charger 
14 converts the commercial alternating current voltage 100 
25 V to a direct current voltage 5.8 V. While the cellular video 

telephone is mounted on the battery charger 14, the charge 
control unit 13 in turn regulates the 5.8 V output of the 
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battery charger 14 to 4.1 V to charge the built-in battery 
12 therewith, and stops its charging operation when the 
battery 12 is fully charged. 

The control unit 1, particularly the microcomputer, 
is programmed to execute an interrupt routine shown in Fig. 
6. This routine is initiated when the user completes 
inputting of the phone number of the opponent user (call- 
receiver) and pressing the SEND button on the keyboard unit 
10 . 

In this processing, the control unit 1 first checks 
at step 110 whether the charge control unit 13 is connected 
to the battery charger 14 and the battery 12 is being charged 
by the battery charger 14. If the charge control unit 13 is 
in the battery charging operation (YES), the control unit 1 
sets the communication speed to 384k bps at step 111. Then, 
the control unit 1 sets the frame rate to 30/s (30 frames per 
second) at step 112, sets the image resolution to 352X288 
dots at step 113, and sets the brightness of the back-light 
of the display 8 to its maximum, 100%, at step 114. The 
control unit 1 executes both of the image communication and 
the voice communication at step 115. Thus, as long as the 
battery 12 is being charged, the data communication and image 
display are attained at a highest possible speed and quality. 

On the other hand, if the battery charger 14 is not 
connected nor the charge control unit 13 is in the battery 
charging operation (NO), that is, if the cellular video 
telephone is operated solely by the battery 12, the control 



unit 1 proceeds to step 116. In this instance, it may still 
be preferred to display the dynamic image on the display 8, 
even if the quality of the dynamic image display is lessened 
to some extent. That is, the image display is enabled with 
a slower motion speed of the dynamic image. Therefore, the 
control unit 1 sets the communication speed to a lower value, 
32k bps, at step 116. Then, the control unit 1 sets the frame 
rate to 10/s (10 frames per second) at step 117, sets the image 
resolution to 176 X 144 dots at step 118, and sets the 
brightness of the back-light of the display 8 to 30% of its 
maximum at step 119 for saving the power consumption. The 
control unit 1 executes both of the image communication and 
the voice communication at step 115 with the lowered speed 
and quality. 

In the second embodiment, it is also possible to change 
the data communication speed into more than two stages based 
on the remaining electric power of the battery 12. It is also 
possible to turn off the power supply to the back-light of 
the display 8 or enable only the voice communication, when 
only the built-in battery 12 is available. Further, the 
control processing of Fig. 6 may be executed in dependence 
on the user's instruction on the keyboard unit 10, or the 
transmission speed, frame rate, image resolution and the 
display brightness may be set arbitrarily by the user. The 
amplification of the transmission voice signal and the 
received voice signal may be increased when the battery 12 
is charged externally. 



The present invention should not be limited to the 
disclosed embodiments and modifications. For instance, the 
present invention may be applied to a cellular video telephone 
having no cameras and displays. Thus, the present invention 
5 may be modified in various ways without departing from the 

spirit of the invention. 
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